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Introduction
Most developing nations, including Nigeria, continually generate abundant quantities of agroindustrial residues such as brewer's spent grains (BSG), which are underexploited. Brewer's grains, the main by-product of the brewing industry, representing approximately 85% of total by-products generated, is rich in cellulose and non-cellulosic polysaccharides and has a strong potential to be recycled [1] . The grains are used in Nigeria as animal feedstuff, but this use is limited, especially in the feeding of monogastric animals mostly due to high crude fibre content of the grains. A number of workers have attempted to improve the nutritive value of agro-based byproducts including BSG with different levels of success ( [2] , [3] ). This often involves the extracellular hydrolytic enzymes activities of microorganisms. Microbial enzymes are notably produced by moulds, yeasts, bacteria and actinomycetes. These microorganisms are capable of producing diverse hydrolytic enzymes that are able to catalyze the breakdown of different organic polymers such as starch, cellulose, protein, lipids, xylan, chitin and pectin into simpler monomeric compounds such as glucose, maltose, limit-dextrin, amino acids, esters and so on for their nutrition, thus adding value to the final products. The present study was an attempt to upgrade brewery spent sorghum grains (SSG) to chicken feed using a consortium of Aspergillus niger, Chaetomium globosum and Saccharomyces cerevisiae.
II.
Material and Methods
Experimental substrate and test organisms
The spent sorghum grains (SSG) used in the work were obtained from the Jos International Brewery. Two of the test organisms namely Aspergillus niger and Saccharomyces cerevisiae were isolated from naturally fermenting spent sorghum grains while the third organism, Chaetomium globosum, was isolated from naturally fermenting sweet potato leaves. The isolates were characterized and identified using identification manuals including [4] , [5] and [6] . Reference was also made to existing stock cultures of some of these species of organisms in the Department of Plant Science and Technology of the University of Jos.
Experimental procedure
Twenty grammes each of dry spent sorghum grains (SSG) were weighed into six 250ml conical flasks and then moistened with 35ml of clean water. The content of each flask was thoroughly mixed using a spatula. An aeration apparatus consisting of a rubber cork with two glass tubes running through its middle was tightly fitted to the mouth of each of the flasks. The outer ends of the glass tubes were plugged with cotton wool and then covered with aluminium foil. The whole setup was sterilized by autoclaving for 15 minutes at 121 o C and 1 kg/cm 2 and then allowed to cool to room temperature. The sterilized SSG in three of the flasks were, with the aid of sterile pipettes, inoculated with 3ml of inoculum containing 1ml of A. niger spores (2.14 x 10 6 spores/ml), 1ml of C. globosum spores (2.34 x 10 6 spores/ml) and 1ml of S. cerevisiae cells (3.96 x 10 6 cells/ml). The contents of the other three flasks were not inoculated and these served as controls. The inoculated samples were mixed thoroughly with the aid of surface-sterilized spatula. This helped to make sure that the fungal spores and yeast cells were evenly distributed. The pieces of aluminium foil covering the mouths of the glass tubes were removed and the inoculated substrates were allowed to undergo aerobic fermentation for a period of 21 days at 25 ± 2 o C. After the fermentation period all the flasks, with their contents, were sterilized by tyndalization, dried at 60 o C in a hot air oven, blended with the aid of a sterile domestic dry blender and then stored in sterile air-tight bottles. Determinations of proximate compositions of the fermented and non fermented substrates were made using the method of [7] . Energy content of the substrates was assessed using recommended general conversion factors for food energy (4, 4, 9 kcal/g for protein, carbohydrate and fat respectively) [8] . The amino acids profiles of the fermented and non fermented substrates were determined with the aid of a Technichon Sequential Multi-sample (TSM) amino acid analyzer using the method described by [9] while their elemental contents were assessed using the MiniPAL 4 model Energy Dispersive X-Ray Fluorescence Spectrometry (ED-XRFS). The results obtained for the fermented and non fermented materials were compared. The nutrient composition of the fermented product was further compared to the nutrient requirements of chicken. Statistical analysis of results obtained was carried out using Analysis of Variance at 5% significance level [10] . Least significant difference (LSD) was used to separate means with significant differences.
III. Results and Discussion
Fermentation of spent sorghum grains (SSG) with the consortium of A. niger, C. globosum and S. cerevisiae led to significant increases (P<0.05) in the contents of crude protein (56%), crude fat (59.65%) and ash (38%). The values for crude fibre and nitrogen free extract decreased significantly (P<0.05) by 24.84% and 35.4% respectively. Energy content increased by 7.8% from 292.29 to 315 kcal/100g. Details of the effects of fermentation by the test organisms on the nutrient compositions of SSG is presented in TABLE 1. 
Figure 1: Amino acid profile of non fermented and fermented spent sorghum grains
The percent dry matter values of fifteen amino acids ( lysine, histidine, arginine, aspartic acid, glutamic acid, proline, glycine, alanine, cystine, valine, methionine, isoleucine, leucine tyrosine and phenylalanine) were found to increase while the values of two amino acids (threonine and serine) were found to decrease. Details are given in Fig. 1 . The observed increase in crude protein content of the substrate (TABLE 1) resulted from protein synthesis by the microorganism using simple breakdown products from the substrate. This increase in protein content is in conformity with the findings of [11] who reported protein enrichment in sweet potato subjected to solid state fermentation. Similarly, [12] reported protein enrichment in cassava by-products through solid state fermentation by fungi. The 43.51% protein content of the fermented spent grains is comparable to the protein content (44 to 48%) of soy meal feed, a widely used source of animal feed [13] . The Fermented SSG can therefore be rated highly as a protein source capable of meeting the 20-22% protein requirement of chickens ( [14] ; [15] ).
The recorded increase in fat content could mean increase in the energy content of the fermented substrate. Fat serves as a secondary source of energy for birds. The fat content (4.55%) of the Fermented SSG is adequate to meet the 3.5-5% requirement for different types and ages of chicken [15] .
The observed reduction in the crude fibre content of SSG was probably due to the fibre-degrading activities of the fungi, A. niger and C. globosum. Degradation of fibre by these fungi have been reported [16] ; [17] . High crude fibre content in diets of animals, including chickens, often pose problems of digestibility and reduced feed intake, which leads to reduced animal performance [18] . The decrease in fibre content of the fermented SSG was therefore a plus. The final crude fibre value of 18.18% was, however, still higher than the maximum 3.5 -4% requirement for chicken [15] ; [19] .
The decrease in the substrate's NFE value due to fermentation is consistent with the findings of [2] who reported that the soluble carbohydrate values of agro-industrial byproducts fermented with species of Aspergillus and Penicilium decreased after 14 days. The lower NFE value obtained was probably due to conversion of simple carbohydrates from crude fibre degradation by the fungi into other cell components. The 315 kcal/100g gross energy content of the fermented SSG may be adequate to meet the 300 kcal/100g metabolizable energy requirement of chickens [14] depending, however, on the digestibility of the energyproviding nutrients of the fermented material.
Microbial processing improved the amino acid profile of the SSG (Fig. 1) . This finding is similar to that of [20] and [21] . The essential amino acid composition of fermented SSG meets the [22] requirements of these amino acids for chickens.
Calcium and phosphorus, based on their importance, are the two most commonly assayed mineral elements in feeds [14] . Among other uses, calcium is important for the formation of bones, cartilage and teeth in animals. Phosphorus on the other hand is a constituent of amino acids, cell membranes and energy compounds such as adenoisine triphosphate (ATP). The increases observed in the values of calcium and phosphorus (Fig. 2) are therefore noteworthy. Their final contents in the upgraded substrate, however, still fell short of the requirements for chickens. Though there was an increase in the value of potassium, its final content was lower than the recommended value. Despite the decreases in the levels of zinc, manganese, iron and copper, their final levels remained adequate for chicken diet. Calcium, phosphorus, iron, iodine, manganese, zinc and selenium represent the major minerals required by birds [3] . Fermented SSG was found to be adequate in terms of iron, zinc, manganese and copper but needs to be supplemented with some other deficient mineral elements.
IV.

Conclusion
Microbial processing of spent sorghum grains with a mixed culture of A. niger, C. globosum and S. cerevisiae generally improved the nutrient composition of spent sorghum grains. Fermented spent sorghum grains can supply a good portion of the nutritional needs of chicken. With mineral supplementation, further fibre reduction and probably energy enhancement, microbe-processed spent sorghum grains could serve as feed for chicken depending, of course, on the outcome of feeding trials.
